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Abstract  
Many peach rootstocks have been released in recent years with limited 
information about their physiological effects on scion vigor and productivity. In this 
study, two trials were established with ‘Redhaven’ on 9 (planted 2006) and 18 (planted 
2009) rootstock cultivars at the Musser Fruit Research Center, Seneca, South Caro-
lina. A stem water potential (SWp) curve was developed with a Scholander pressure 
bomb on a single day ~ 6 weeks after harvest (August, 2011) with hourly evaluations 
between 5 am and 8 pm on a ‘Redhaven’/Lovell tree. For each trial, SWp readings 
were done before dawn and in the afternoon (~4 pm). The maximum negative SWp 
occurred at ~4 pm. Carbon (C), nitrogen (N) and ash content analyses were done on 1-
year-old shoots at the beginning of dormancy in November, 2011. Rootstocks 
influenced all variables studied in both trials. Trees that were more stressed (high 
negative SWp) before dawn were also more stressed in the afternoon (i.e., rootstocks 
Prunus munsoniana and Empyrean®3). A similar pattern was observed for those 
trees/rootstocks with less negative SWp (i.e, Prunus americana, Fortuna and 
KV010127) in the predawn hours as they also remained less negative in the afternoon. 
There was no correlation between SWp and C, N, C/N ratio or shoot ash content. 
There were negative correlations between C/N ratio and ash content and the N and 
C/N ratio. There was a positive correlation between N and ash content. These data 
suggested that SWp was not a reliable method to predict C, N or ash content 
accumulation in 1-year-old peach shoots from trees grown on many different rootstock 
genotypes. 
 
INTRODUCTION 
Stem water potential (SWp) indicates how effectively the plant is meeting the 
demand for water within a plant or how the environment affects the plant. Effects of air 
temperature, wind speed, humidity, direct sunlight, heat load, and soil moisture are 
integrated by the plant into a single value of SWp (McCutchan and Shackel, 1992). 
Highly negative SWp can influence many physiological processes, such as slowing or 
stopping photosynthesis, reducing plant growth and eventually contribute to the death of 
the plant. SWp is the more appropriate measure of plant water status (McCutchan and 
Shackel, 1992) and can be used to evaluate plant needs for water or how well it is adapted 
to its environment. 
Pre-sunrise SWp values will usually reflect average soil moisture tension, if the 
soil is uniformly irrigated. Mid-day SWp values reflect the tension experienced by the 
plant as water is transported from the soil to satisfy the water demand of the atmosphere. 
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Relative yields of various size grades were highly correlated with mid-day SWp in 
nectarines, suggesting that the midday stem water potential integrates the combined 
effects of water stress and crop load on nectarine fruit size (Naor et al., 2001). 
Water stresses induce fresh and dry weight reductions in peach fruits (Berman and 
DeJong, 1996), shorten the length of the stem elongation zone, and reduce total daily stem 
growth and relative stem extension rates (Berman and DeJong, 1997), as well as reduce 
trunk radius and dormant pruning weights (Larson et al., 1988). 
Light, carbon, water and nitrogen are fundamental factors most likely to limit 
growth (Dickson, 1989). Carbon partitioning among the different plant organs and 
nitrogen assimilation can be affected by graft incompatibility (Moing and Gaudillère, 
1992). Plant ash content is a reflection of water use efficiency in which the greater the 
amount of transpiration, the greater the amount of mineral transport to the transpiring 
tissues leading to increased ash content (Araus et al., 2002). The relationship between ash, 
carbon, nitrogen and C/N ratio and SWp and peach rootstocks is unknown. 
The goal of this research was to study if rootstocks can influence stem water 
potential on ‘Redhaven’ peach and correlate this with chemical and mineral elements in 
shoots during fall.  
 
MATERIALS AND METHODS 
 
Germplasm 
Two irrigated trials were established with ‘Redhaven’ peach grafted to a total of 24 
rootstocks at the Musser Tree Research Farm, Seneca, South Carolina (Table 1). These 
trials were planted in 2006 and 2009 on a Cecil gravelly, sandy loam with a pH of 5.0 (no 
pre-plant lime) and 6.4 (pre-plant limed), respectively. The rootstock cultivars included 9 
interspecific Prunus hybrids and 3 non-peach Prunus species. 
 
Stem Water Potential Measurements 
Stem water potential (SWp) measurements were conducted after harvest (June) 
and at least 7 days after the trees received any supplemental water from rain or irrigation. 
The curve of SWp was determined on August 4, 2011, on a single ‘Redhaven’/Lovell tree. 
Hourly evaluations between 5:00 am and 8:00 pm were done with a Scholander pressure 
chamber (Soil Moisture Equipment Co., Santa Barbara, CA). Three mature lower canopy 
shaded leaves were evaluated each hour. At least 20 minutes before measurements, leaves 
were shaded within a foil laminate bag (175 mm x 107 mm) and sealed with two velcro 
tabs. This allowed the leaf to come into equilibrium with the trunk of the tree (McCutchan 
and Shackel, 1992). Individually, each leaf with its whole petiole intact was cut with a 
blade and inserted into the bottom side of the lid chamber. Data were recorded when 
water (sap) first appeared on the petiole surface. The curve determined SWp peak (=4 pm, 
Fig. 1). After that, four repetitions of each scion/rootstock combination at both trials were 
evaluated with “before dawn” and “afternoon” (closest the SWp peak) measurements. For 
the youngest block, measurements were done on August 5, 2011 (repetitions 1 and 2) and 
August 8, 2011 (repetitions 3 and 4) and for the oldest block, all four repetitions were 
evaluated on August 9, 2011. For each tree, “before dawn” and “afternoon” measurements 
were done on the same day. Each leaf was covered with an aluminum bag for a minimum 
one hour before evaluation. Three leaves per tree were used for each period of the day. 
 
Carbon, Nitrogen and Ash Analysis 
On November 17, 2011 at the beginning of dormancy, 5 terminal 30-cm long 
shoots per tree (=plot) were sampled for chemical analysis. All lateral and terminal buds 
were removed (Glenn and Bassett, 2011) with a knife in the lab. Shoots with bark were 
cut with scissors into short segments (2 to 5 mm), placed in paper bags and dried at 75°C 
for 96 hours. Dried samples were ground in a Wiley mill (Thomas-Wiley intermediate 
mill, model 3383-L10) with a 60-mesh sieve. Carbon (C) and nitrogen (N) were analyzed 
with a CN analyzer (TruMac CN, LECO Corp., St. Joseph, MO). Ash was determined 
with a thermogravimetric analyzer (TGA 701, LECO Corp., St. Joseph, MO).  
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Statistical Analysis 
Each plot was a single tree with four repetitions in a randomized block design. An 
analysis of variance (ANOVA) was used to detect differences among rootstocks means. 
Data were analyzed by the t test, and correlation analyses among variables were 
performed. 
 
RESULTS AND DISCUSSION 
Significant differences were detected among rootstocks in both trials for SWp 
measurements, C, N, C/N ratio and ash accumulation content in 1-year-old shoots (Tables 
2 and 3). Some rootstocks with intermediate vigor (i.e., Empyrean®3) had higher SWp 
values, indicating trees were more stressed. For some dwarfing rootstocks, like Controller 
5 and Fortuna, which exhibited incompatibility symptoms, SWp values were lower. 
Differences among rootstocks in the afternoon measurements were less distinct, but 
generally reflected their rankings for their “before dawn” water status (Tables 2 and 3), 
which agreed with Larson et al. (1988). In accordance with Solari et al. (2006), the shoot 
extension growth rate, leaf conductance, leaf transpiration rate and leaf net CO2 exchange 
rate were linearly correlated with mid-day SWp, and these relationships were independent 
of the rootstock and canopy treatments (data not shown).  
Although some rootstocks showed high SWp values and low C content (e.g., 
Empyrean®3), low SWp and high C content (e.g., KV 010127) (Table 2) or high values 
for both variables (e.g., P. munsoniana) (Table 3), there was no correlation between SWp 
and C contents (Tables 4 and 5). Correlations were found between SWp and N, C/N ratio 
or ash content in one-year old shoots (Tables 4 and 5). 
Ash can provide an estimate of water use efficiency (Glenn and Bassett, 2011) and 
there was significant variation among rootstocks in the 2 study sites. Rootstocks with high 
ash levels were: BH-5, Empyrean®2, Krymsk®1, Imperial California and Flordaguard × 
Alnem. Rootstocks with low ash levels were: Krymsk®86, HBOK 32, S-37, 
P. munsoniana and Fortuna. There were no correlation between ash and SWp variables 
(Tables 4 and 5). SWp was a measurement only for that moment, and it was not useful in 
estimating ash content.   
Daily variability in SWp is closely related to daily variability in evaporative 
demands, as measured by vapor pressure deficit (McCutchan and Shackel, 1992) so to 
extrapolate SWp to daily growth would be difficult without extensive temporal data 
collection. 
Statistical differences among rootstocks were detected for C and N contents 
(Tables 2 and 3), but for the incompatible scion/rootstock (i.e., ‘Redhaven’/‘Fortuna’), C 
and N had higher levels, which disagreed with earlier studies (Moing and Gaudillère, 
1992). For both trials, N was positively correlated with ash (Tables 4 and 5). Both trials 
showed a negative correlation between C/N ratio and ash (Tables 4 and 5). These results 
were similar to ‘Empire’ apple, where carbon isotope discrimination and leaf area index 
were negatively correlated with ash (Glenn and Bassett, 2011). 
 
CONCLUSIONS 
Rootstocks had an effect on stem water potential, C, N and ash content accumula-
tion in ‘Redhaven’ peach. However, stem water potential was not a reliable method to 
predict C, N or ash content accumulation in 1-year-old peach shoots from trees grown on 
many different rootstock genotypes. 
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Tables 
 
 
Table 1. Rootstock cultivars in the 2006 and 2009 ‘Redhaven’ trials and their reported 
species composition. 
 
Rootstock Cultivar Country of origin Species 
Lovell U.S.A. Prunus persica 
Guardian® U.S.A. Prunus persica 
KV 10123 U.S.A. Prunus persica 
KV 10127 U.S.A. Prunus persica 
S-37 U.S.A. Prunus persica 
HBOK 10 (Controller 8) U.S.A. Prunus persica 
HBOK 32 (Controller 7) U.S.A. Prunus persica 
Pisa 5 Italy Prunus persica 
Pisa 6 Italy Prunus persica 
BH-5 U.S.A. P. dulcis × P. persica 
Flordaguard × Alnem Spain P. dulcis × P. persica 
Empyrean® 2 (Penta) Italy P. domestica 
Empyrean® 3 (Tetra) Italy P. domestica 
Imperial California Italy P. domestica 
Mirobac Spain P. domestica 
Fortuna Russia P. cerasifera × P. persica 
Krymsk® 86 Russia P. cerasifera × P. persica 
Krymsk® 1 Russia P. tomentosa × P. cerasifera 
Empyrean® 1 (Barrier 1) Italy P. persica × P. davidiana 
Controller 5 U.S.A. P. salicina × P. persica 
Viking U.S.A. Unknown interspecific cross 
Atlas U.S.A. Unknown interspecific cross 
P. americana U.S.A. Prunus americana 
P. munsoniana U.S.A. Prunus munsoniana 
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Table 2. Water potential (before dawn, afternoon and average of both) and chemical analyses of one-year-old shoots of ‘Redhaven’ on 18 
rootstocks planted in 2009. 
 
Rootstock 
Stem water potential (bars) Chemical analysis of shoots
Before
 dawn
Afternoon Average
(dawn & afternoon)
Carbon
(%)
Nitrogen
(%)
C/N ratio Ash
(%)
Viking -13.25 ab -20.99 ab -17.13 ab 48.71 efg 1.45 cdef 33.91 abcd 4.14 abcde 
Atlas -12.87 ab -21.37 ab -17.12 ab 48.76 def 1.42 def 34.38 abcd 4.15 abcde 
BH-5 -12.10 abcd -19.70 b -15.91 bcd 48.55 fgh 1.38 def 35.33 abc 4.68 a
Mirobac -12.10 abcd -20.79 ab -16.45 abcd 48.87 def 1.41 def 34.78 abcd 4.28 abcd 
Guardian® -12.39 abc -20.64 ab -16.51 abcd 49.35 abc 1.43 cdef 34.79 abcd 4.00 abcdef 
Lovell -11.42 bcd -21.43 ab -16.43 abcd 49.58 a 1.45 cdef 34.38 abcd 3.49 defg 
KV 0101 23 -11.87 abcd -20.43 ab -16.16 abcd 49.36 ab 1.52 bcd 33.18 bcde 3.82 bcdefg 
KV 0101 27 -10.05 d -19.63 b -14.84 d 49.60 a 1.37 def 36.58 abc 3.65 cdefg 
Krymsk® 86 -12.30 abc -20.58 ab -16.45 abcd 48.74 def 1.31 ef 37.51 ab 3.38 efg 
Empyrean® 2 -11.38 bcd -20.57 ab -15.98 bcd 48.39 gh 1.51 cde 33.01 bcde 4.61 ab 
Empyrean® 3 -13.62 a -22.27 a -17.95 a 48.28 h 1.27 f 38.16 a 4.35 abc 
Imperial California -12.35 abc -21.12 ab -16.74 abc 48.36 h 1.74 a 27.97 f 4.52 ab 
HBOK 10 -12.10 abcd -21.12 ab -16.61 abcd 49.02 cde 1.52 bcd 32.53 cdef 3.53 defg 
HBOK 32 -13.00 ab -21.88 ab -17.44 ab 48.91 de 1.49 cde 33.02 bcde 3.12 g
P. americana -10.02 d -19.77 b -14.90 cd 49.05 bcd 1.38 def 35.89 abc 3.67 cdefg 
Fortuna -10.67 cd -19.70 b -15.19 cd 49.35 abc 1.64 abc 30.35 def 3.33 fg 
Krymsk® 1 -11.62 abcd -20.98 ab -16.30 abcd 48.85 def 1.71 ab 28.66 ef 4.57 ab 
Controller 5 -11.22 bcd -20.49 ab -15.86 bcd 49.04 bcde 1.45 cdef 34.15 abcd 3.62 cdefg 
Prob> F (rootstock) 0.0699 0.6538 0.0941 <.0001 0.0013 0.0047 0.0013 
Prob> F (replicate) 0.0017 0.0070 0.0095 0.3328 0.3336 0.4414 0.0713 
F (rootstock) 1.72 0.83 1.62 11.33 2.99 2.58 2.99
F (replicate) 5.79 4.51 4.24 1.16 1.16 0.91 2.48
Means with the same letter within same column are not significantly different by the t-test. 
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Table 3. Water potential (before dawn, afternoon and average of both) and chemical analyses of one-year-old shoots of ‘Redhaven’ on 10 
rootstocks planted in 2006. 
 
Rootstock 
Stem water potential (bars) Chemical analysis of shoots
Before
dawn
Afternoon Average
(dawn & afternoon)
Carbon
(%)
Nitrogen
(%)
C/N ratio Ash
(%)
Pisa 5 -8.50 bcd -17.75 b -13.13 b 48.89 cd 1.19 abc 41.02 bc 3.75 ab 
Pisa 6 -8.02 bcd -17.00 b -12.51 b 49.11 bcd 1.18 abc 41.67 abc 3.54 b 
Krymsk® 86 (2006) -7.40 d -17.28 b -12.35 b 49.16 abc 1.30 a 38.15 c 3.48 bc 
Empyrean® 1 -7.38 d -16.62 b -12.00 b 49.07 bcd 1.22 abc 40.56 bc 3.46 bc 
P. americana -8.98 bc -17.27 b -13.13 b 49.44 ab 1.26 ab 39.54 c 3.49 bc 
Flordaguard × Alnem -9.27 b -17.84 b -13.56 b 48.74 d 1.32 a 36.93 c 4.08 a
Guardian® -7.67 cd -17.78 b -12.73 b 49.12 bc 1.23 abc 40.52 bc 3.53 bc 
Krymsk® 86 (2007) -9.09 bc -17.72 b -13.40 b 49.29 ab 1.06 c 46.53 a 2.93 d 
S-37 -8.77 bcd -17.87 b -13.32 b 49.43 ab 1.19 abc 41.65 abc 3.18 cd 
P. munsoniana -12.40 a -20.87 a -16.64 a 49.51 a 1.10 bc 45.20 ab 2.94 d 
Prob> F (rootstock) <.0001 0.3605 0.0086 0.0108 0.1122 0.0504 <.0001 
Prob> F (replicate) 0.0957 0.0962 0.3821 0.5476 0.7275 0.6464 0.0116 
F (rootstock) 8.31 1.17 3.44 3.29 1.87 2.34 7.47
F (replicate) 2.26 2.25 1.10 0.78 0.51 0.63 4.17
Means with the same letter within same column are not significantly different by the t-test. 
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Table 4. Partial correlation coefficients from the error SSCP Matrix / Prob> r for the 2009 planting. 
 
Variables SWpbefore dawn
SWp
afternoon
SWp
average
Carbon Nitrogen C/N ratio Ash  
SWp before dawn - 0.333298 0.802841 -0.006618  0.060684 -0.036495  0.055453 
SWp afternoon - - 0.829686 -0.215024 -0.038198  0.033953  0.145046 
SWp average - - - -0.140246  0.011923 -0.000337  0.124443 
Carbon - - - - -0.021951  0.071019 -0.286638 
Nitrogen - - - - - -0.987491  0.655151 
C/N ratio - - - - - - -0.656336 
Ash - - - - - - - 
 
 
 
Table 5. Partial correlation coefficients from the error SSCP Matrix / Prob> r for the 2006 planting. 
 
Variables SWpbefore dawn
SWp
afternoon
SWp
average
Carbon Nitrogen C/N ratio Ash
SWp before dawn - 0.470220 0.732716 -0.028130  0.204189 -0.249149 -0.088725 
SWp afternoon - - 0.955140  0.119936 -0.036472 -0.004686 -0.112283 
SWp average - - -  0.082550  0.047673 -0.096075 -0.119013 
Carbon - - - - -0.101845  0.120528 -0.200455 
Nitrogen - - - - - -0.993358  0.746635 
C/N ratio - - - - - - -0.744235 
Ash - - - - - - - 
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Figurese 
 
 
 
 
 
Fig. 1. Curve of stem water potential obtained from hourly evaluations between 5 am and 
8 pm on 4 Aug., 2011, measured on ‘Redhaven’/Lovell. 
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